The road construction sector has made a big research effort in recent decades, mostly aimed at better understanding the behaviour of the asphalt mixes contained in most such pavements. Hence the introduction of new binders, all based on bitumen as in the past but featuring polymers and reinforcements of various nature as well as innovative pavements. Moreover, newer regulations allow better predicting the behaviour of materials and their mixtures once laid, thanks to more rational testing methods. However both asphalt binder and asphalt-aggregate mixture show temperature and time-dependent behaviour. Rutting or permanent deformation is therefore the leading cause of pavement deterioration in temperate and warm climatic regions of the world while low-temperature cracking is a common problem in cold regions. The paper illustrates that the proposed innovative fiber/polymer compound may be potentially considered from now on as a relevant solution for sustainable long life pavements that do not deteriorate structurally, needing only timely surface maintenance and allowing reduced base course thickness (due to enhanced stiffness and fatigue properties) lead to a costeffective and eco-friendly perpetual pavement design. Polymer Modified Asphalt (PMA) are modified asphalt concrete manufactured by feeding the fiber and/or the polymeric compound into the asphalt plant mixer after the aggregate has been loaded in to the mixer immediately before the bitumen is added. Fiber/polymeric compound asphalts may be preferable technology whenever a pavement is required to perform structural resistance, stiffness and resistance to rutting. One such --duty base courses. These mixes are characterized by great coarse aggregate cohesion and high physical and chemical modified grade bitumens to obtain the EME2 specifications requirements, in particular high stiffness modulus value at 15°C and high fatigue resistance, allowing for reduced pavement thickness and greater longevity. Fiber/Polymer modified Hot Mix Asphalt (PMA) has been claimed to resist rutting since they are less susceptible to reduction of the asphalt cement viscosity with high pavement temperatures during the summer months while the fiber component increase the resistance to tensile stresses and consequent cracking. Laboratory assessment of such materials consisted in the evaluation of the mix compactability, moisture resistance, rutting resistance at 60°C, stiffness modulus at 15°C and 35°C and fatigue resistance at 10°C.
Introduction
The properties of road bitumens can be improved by means of polymers and fibers. Modification as identified by both rheological and mechanical tests can correspond to higher performance. The use of additives should be carefully evaluated depending on the situation and requirements. In these terms, rheological analysis can be a powerful tool to deepen the chemical and physical nature of the material.
Bitumen reinforcement or modification consists of incorporating certain additives with some desired properties within other material which lack those properties. Modified binders are typically manufactured directly at the refinery, at a separate plant, or even by special mobile unit immediately before use at the site asphalt plant. If the polymer is added to the pure bitumen during the refinery process we have Polymer Modified Bitumen (PMB); if the additive id added to the aggregate during the asphalt concrete production, we have Polymer Modified Asphalt (PMA). Therefore, in the common terminology, polymer modified bitumen represents pure bitumen including a certain dosage of polymer. In order to avoid any confusion, we will use the word Polymer Modified Bitumen in this sense and leave the word Polymer Modified Asphalt to describe the production of modified asphalt concrete at the site plant.
To produce Polymer Modified Asphalt (PMA), a mobile dosing unit, installed on site at the hot mix asphalt (HMA) plant, capable of feeding both fiber and polymer compound into the mixer after the aggregate has been loaded and just a fraction before the bitumen is added. Each dosing unit is equipped with a 1 ton storage tank. The unit is controlled by a PLC to feed the fiber/polymer at the specific time and quantity needed to satisfactory modify the HMA. Typically the additives are fed together before the bitumen spraying and the mixing time is increased of about 10 sec to assure uniform dispersion. PMA may be preferable technology whenever a pavement is required to perform structural resistance, stiffness -France are a standard called EME. Experimental evidence showed that with such adjustments it is possible to mainly obtain the following benefits.
-Increase the rigidity and the resistance to fatigue and rutting of the mixes; f f -Guarantee high workability and stability in time of the mixtures' characteristics; -Reduce the tensional engagement and the consequent rutting of the lower layers (subbase, foundations, subgrade) as well as in the wearing course and for application in heavily trafficked areas as Highways and airport runaways; Bitumen at 160 °C Aggregate at 160 °C Fiber/Polymer 4-6 % by Bitumen Weight -PMA also offers logistic advantages and therefore cost benefits. Superplast makes storage of PMB binder on asphalt production plants unnecessary or avoids high investments in a range of storage tanks for various PMB products. High energy costs for hot storage of modified bitumen are avoided or significantly reduced; -The production of modified asphalt mix (PMA) is very flexible: it can take place at any given moment to the degree of modification required. This allows the asphalt producer to organize raw materials in the most efficient way possible; -The PMA modification can be either chemical by use of specific low melting polymer to enhance structural bearing or physical by means of specific fibers to increase the fatigue resistance of the asphalt layers.
Results obtained by either Polymeric PMA or Fiber reinforced PMA are presented in the following paragraphs.
Polymer Modified Hot Mix Asphalt (PMA)
The polymer studied is SUPERPLAST, a compound of selected polymers, to obtain binder properties generally required to alleviate one mode of asphalt mixture distress without affecting other modes, such as the use of harder bitumen to alleviate rutting without aggravating fatigue cracking. Comprehensive laboratory tests investigation of rutting and fatigue resistance of polymer modified asphalt mixtures (PMA) indicate high performances of these asphalt mixes.
Superplast modified Hox Mix Asphalt (PMA) indicated considerable increase in Marshal Stability, Stiffness Modulus, Indirect tensile strength and fracture toughness of asphalt mixtures at 25°C and 60°C. This implies increased resistance to fatigue cracking and rutting.
In the following study, are presented typical test results for a DBM Binder layer 0/20 mm or DMB Base Layer 0/30 mm, manufactured with bitumen 50/70, with Superplast PMA or with conventional hard PMB, with or without RAP. The PMA results show significant increase in the mechanical properties of the mix with results similar or sensibly Table 1 shows typical mixes properties with different binders and aggregates. The mechanical parameter often requested in pavement design (in particular as failure/pass test) is the Indirect Tensile Strength (ITS). ITS is based on very simple configuration: a cylindrical specimen is loaded diametrically across the circular cross section. The loading causes a tensile deformation perpendicular to the loading direction, which yields a tensile failure. This loading configuration developed a relatively uniform tensile stress perpendicular to the direction of the applied load and along the vertical diametral plane. Thus, the specimen failed by splitting along the vertical diameter, as shown in figure 2. In general ITS is good indicator of mixture cohesion and it would provide information on cohesion, specifically asphalt binder stiffness, but not angle of internal friction provided by the aggregates. Testing has been performed on the Indirect tensile at different temperatures comparing DMB 0/20 mm produced either with PMA or PMB. The PMA values are similar at 40°C to the PMB, while at 25°C the material is less stiff. Some typical test data are presented on the Stiffness Modulus when tested in accordance with European standard (EN 12697-26) . The object of these tests is the measurement of the stiffness modulus in particular testing in indirect tension (ITST) mode, a very practical for routine use in Europe. Stiffness test, according to EN 12697 26, are dynamic tests conducted by automatic machines which operate both under load control and strain control (microstrain) and which are contained in a thermostatic cabinet. It should be emphasised that the bitumen mix, as a viscoelastic material, behaves in a manner particularly dependent upon temperature and load in terms of load type, frequency and application time; these parameters must therefore be well-defined in the tests. The methods of conducting the tests are therefore described, with boundary conditions defined by the standards.
The stiffness modulus of a bituminous mix is defined as the ability of the mix to generate the deformations coming from the tensions caused by the application of a load. As regards a road superstructure, the concept of rigidity modulus is directly linked to the capacity of the paving's materials to be deformed under loads. Therefore the rigidity modulus represents the capacity to spread the deformations inside the road layers and to distribute the action of the vehicular traffic. Stiffness of asphalt concrete is a material property that is central to the performance of asphalt pavements. In simple words, it is a slope of a stress-strain curve of the asphalt concrete.
Dynamic laboratory tests for stiffness modulus were conducted in unconfined indirect tensile configuration. In the Indirect tensile Stiffness Test (ITST), cylindrical specimens of 150 mm diameter were loaded diametrically in controlled strain mode in a controlled temperature chamber. The target diametral deformation of 7 μm was imposed at each peak load. Deformation was measured by means of two LVDT (Linear variable differential transformer) set on the opposite side of the horizontal diameter.
Each specimen was tested on two orthogonal marked diameters applying five load pulses. According to European Standard EN 12697-26 the load had a haversine waveform with a rest period between near pick loads. Figure 4 shows the results of the tests conducted at 15 Hz respectively at different temperatures. Specimens with 4% PMA content achieve high Stiffness values. Significant increase in stiffness value is the presence of RAP material within the mix that reduced the overall penetration of the binder used. Below are presented some typical rutting tests performed on DBM 0/20 mm with PMA in accordance to EN 12697-22. The rutting is minimal even at 10,000 cycles 60°C testing temperature. To perform the rutting test, the specimens are compacted with roller compactor to a nominal thickness of 60 mm fixing voids equal to 5%. 
Fiber Modified Hot Mix Asphalt
The use of fibers as reinforcement has been traced back to very far in the past. First attempts of using fibers were found in constructions and building even in the first centuries of the human history. Fundamentally, the principal functions of fiber as reinforcing materials are to provide additional tensile strength in the resulting composite. Such enhancement is valid not only for bitumen but also for concrete and plastic materials. Reinforcement may mean increasing the amount of strain energy that can be absorbed during the fatigue and fracture process of the mix and consequentially increasing its serviceable life. Some fibers have high tensile strength relative to asphalt mixtures, thus it was found that fibers have the potential to improve the cohesive and tensile strength of bituminous mixes. They impart physical changes to asphalt mixtures.
In this study, a composite cellulose and synthetic fiber, name ITERCHIMICA ITERFIBRA CS has been studied ( Figure 6 ) when added to a typical dense asphalt mix 0/20 mm having about 4.2% bitumen content. Among the wide range of available additives, fibers cover a wide portion of the market of asphalt concretes. Acting mainly as thickening agents, they increase the viscosity at high service temperatures, thus minimizing drain-off effects that may appear in the early phases of transport and laying. Recently, fiber technology has rapidly evolved leading to the production of high-performance fibers that may play an important and innovative role in bituminous mixtures. In this sense, many types of cellulose, mineral or synthetic fibers are currently employed as reinforcement for asphalt concrete.
In Figure 7 , it is shown how the presence of the Fiber is capable of improving the rheological behavior of conventional 50/70 pen bitumen. The R&B temperature can be increased up to 63°C with a 6% fiber content. This indicates that it is possible to physically modify the bitumen to increase its rheological behavior at high temperatures. Generally, fibers change the viscoelasticity of mixture; improve dynamic modulus, creep compliance, rutting resistance and freeze thaw resistance; while they reduce the reflective cracking of asphalt mixtures and pavements. The mastic that is composed of fibers and bitumen can be considered to be the medium that actually bonds the aggregate together, thus becoming an essential part of hot-mix asphalt concrete. The mechanism of fibers affecting bitumen is complex, and its impact upon pavement performance is deep. In the following figure, it is shown that the insertion of 6% specific fibers within the mixes increase the indirect tensile strength of the asphalt mixes (ITS) by about 20%. Figure 9 shows the results of the tests conducted at 2 and 4 Hz respectively at 20 and 40 °C. Specimen with 6% fiber/bitumen ratio achieve typically 30% more Stiffness. Fatigue cracking is one of the main distress modes in asphalt pavements. It is essential to consider the loss of asphalt pavement serviceability in the design of asphalt mixtures and structural design of flexible pavements caused by the phenomenon of fatigue.
Asphalt modification is widely used in road infrastructure to reduce fatigue cracking and rutting phenomena. The best known form of binder improvement is by means of polymer modification therefore also fibers are often added to the asphalt mixtures.
Fatigue testing were performed with indirect tensile test apparatus under controlled stress mode of loading. The test configuration was the Indirect tensile fatigue test according to the European Standard EN 12697-24. The test configuration is identical of the ITST, so a cylindrical specimen was put under a cyclic vertical load centered on its diameter. Testing was controlled by load so that, during testing, the maximum specimen stress remains constant while the displacement induced by the load increases at every cycle. The test temperature was 20 °C. The shape of the loading wave was haversine, without rest periods, and its frequency was 2 Hz. It was assumed that fatigue has been reached and the tes For each asphalt mixture, the fatigue test was repeated at two load levels: 600 kPa and 800 kPa, as represented in the following figure. 6% Fiber/bitumen ratio increase fatigue life at 600 kPa of about 100% and at 800 kPa of about 50%. 
Conclusions
PMA is proving worldwide as a successful technology for asphalt mixes. Based testing and project experiences, a Fiber/Polymeric compound has been developed to obtain both the benefits of chemical and physical bitumen modification. The compound is supplied in pellets containing either plastomer or elastomer polymers, cellulose fibers and either glass or synthetic fibers, according to the properties to be enhanced. The compound may also include waxes for improved workability or warm mix application.
